ABSTRACT Thirty-one patients who were undergoing cardiopulmonary bypass for elective aortic valve replacement were studied. The effects on some aspects of lung function of intravenous methyl prednisolone, administered immediately before bypass, were assessed by measuring alveolar-arterial oxygen differences and shunt fractions. No significant differences in pulmonary function were found between the treated and control groups. The use of methyl prednisolone in this context is not justified.
Although the frequency and severity of pulmonary dysfunction after open intracardiac surgery using cardiopulmonary bypass has decreased, it may cause significant morbidity and is occasionally the primary factor in mortality. The aetiology of pulmonary dysfunction has been disputed since the early days of open heart surgery, and no consensus exists at present. Denaturation of plasma proteins (Lee et al, 1961; Pruitt et al, 1971 ) at the gas air interface in the oxygenator has been the most widely supported cause. It is postulated that damage to the pulmonary capillary membrane is an essential feature of the classic pathological findings, which in all degrees are associated with an increase in interstitial alveolar fluid (Baerand Osborn, 1960) . Wilson (1972) proposed that polymorphonuclear leucocytes and platelets may be incriminated in the presumed membrane damage and suggested that methyl prednisolone hemisuccinate could reduce it. He reported a significant reduction in membrane damage in patients undergoing cardiopulmonary bypass who received methyl prednisolone, as assessed by lung biopsy at the end of operation. However, there was no physiological evidence to support the histological evidence. Extravascular lung water, measured by a double indicator dilution technique, increases after cardiac surgery using extracorporeal circulation. There was no change in the colloid and hydrostatic forces that act on the capillary membrane (Parker et al, 1972) . These changes are associated with a deterioration in the gas exchange of the lungs, which is maximal about 48 hours after operation and has not returned to normal after seven days.
To determine whether methyl prednisolone hemisuccinate can produce changes in gas exchange to parallel the changes in histology, a double-blind trial of the effect of the drug given immediately before the onset of bypass has been undertaken.
Methods
Thirty-one patients who were undergoing elective operations for aortic valve disease were studied. A standard random selection technique was used, excluding any patients with obvious lung disease or frank left ventricular failure. Informed consent for the investigations was obtained and if at any time the subject found the tests intolerable the study on that patient was terminated, and the results excluded. These exclusions account for the odd numbered total. Investigations were performed at the following time intervals: (1) before operation, (2) 48 hours after operation, and (3) one week after operation.
The investigation consisted of arterial blood sampling while the subjects breathed first room air, and then 100O% oxygen via an anaesthetic circuit. The arterial blood samples were obtained from a 20-gauge cannula that was placed in the radial artery ten minutes before each test, this time being allowed for the patient to settle after the disturbance of the arterial puncture. In the two patients in whom it was not practical to place an intra-arterial cannula, arterial sampling was by puncture of a brachial or femoral artery.
A three-way tap was attached to the intra-arterial cannula. For sampling, the tap was opened and arterial blood allowed to wash out the cannula deadspace for one to two seconds before the sample was taken in a heparinised glass syringe, which was then capped. The time between collection and analysis was Methyl prednisolone and lung function after cardiopulmonary bypass between 20seconds andfiveminutes. Thiswasrecorded and appropriate corrections made for changes of gas tensions with elapsed time (Kelman and Nunn, 1966) . The first sample was obtained 10 minutes after insertion of the cannula, and the second after 15 minutes breathing 100% oxygen.
The patients were oxygenated using a Mapleson C anaesthetic circuit supplied with a fresh gas flow of 15 I/min of oxygen. They wore a spring noseclip and breathed through a rubber mouthpiece for 15 minutes, or until sequential arterial specimens showed consistently similar values. This method of oxygenation, while undoubtedly superior to other techniques in producing satisfactory oxygenation of the blood, was the sole reason for patients finding the tests intolerable, since it is neither particularly easy nor ,comfortable.
After the preoperative investigations the patients were placed in two groups, one receiving 30 mg/kg of methyl prednisolone intravenously 5-10 mins before the start of cardiopulmonary bypass, and the other group receiving no steroid and no placebo. In every other respect the two groups were identical.
APPARATUS
The blood samples were analysed on an IL 213 blood gas analyser. This model was chosen since it has simultaneous Po2 and Pco2 gas analysis and an extremely small dead space between injection port and analysis electrodes. The suitability of this analyser for these measurements was assessed using human blood, which was tonometered with different gas tensions to assess blood/gas differences and to construct a calibration graph (fig) for which an IL 237 tonometer and temperature controller 227 were used.
Calibration of the electrodes was with gas mixtures (a) 02 12%, C02 5 %, N, 83 %, and (b) 02 0%, C02
-o
Gas o----o Blood 0 0 10%, N2 90%. The P02 and Pco2 values were corrected for variation in ambient atmospheric pressure, and any differences stated on the manufacturers calibration certificates on the cylinder. Blood was tonometered for 40 minutes with a gas flow of 500 ml/min at 37°C. Only after this length of time could reproducible readings be obtained. Samples were transferred from the tonometer to the IL 213 blood gas analyser with a glass syringe. Readings were repeated until consistent values were obtained, though usually only three were needed. The figure shows the blood/gas differences obtained using this method for this particular analyser. The graph was used to correct the readings obtained in this study.
Haemoglobin for oxygen content calculations was estimated with a Coulter haemoglobinometer.
CALCULATIONS
Pulmonary function was assessed by the venous-toarterial shunt fraction calculated from the following expression; *4s CQ02-CaO2
Ot =C02 -CV02
Q02 was calculated by assuming Pd02 to be equal to PAo2. The PAo2 was derived from the following expression of the alveolar air equation;
PAO2=PIO2-PAco2 where R=0.8 R We appreciate that other forms of the alveolar air equation may be applicable under different circumstances. Any error in calculated PAo2 using this form of the equation is small, however, and in terms of oxygen content, insignificant. Furthermore, the purpose of the calculations is to compare two groups of patients and thus any systematic error is equally applicable to both groups. PaCO2 was measured directly from the arterial blood and the PACo2 assumed to be equivalent to this value. Mixed venous oxygen tensions were measured 48 hours after operation from blood drawn from an indwelling catheter that had been placed at operation in the main pulmonary artery through the right ventricular outflow tract. From the mixed venous and arterial oxygen tensions the arterial-venous oxygen content difference was then calculated. This was performed in 21 of the 31 patients, and a mean Ca-vd ifference of 5 79 +0 99 vol % was obtained. For the patients in whom no pulmonary artery specimen was obtainable, a figure for the Ca -v difference of 6 vol % was used. It is appreciated that differences in (3) When considering shunt differences-that is, shunt on oxygen less shunt on air-the differences between before operation and 48 hours after operation, 48 hours and one week, and before operation and one week are not significant in the treated group, but the differences are significant in the untreated group between before operation and 48 hours and one week both in the whole group and in the group excluding shunts on air of over 10%.
It is not justifiable to draw conclusions from this, other than to point out that the treated group showed no significant changes at the three different times whereas the untreated group did. When considering the actual shunt values, however, the differences between the treated and untreated groups were not significantly different at either 48 hours or one week.
ARTERIAL OXYGEN TENSIONS Table 2 shows the values for Pao2 obtained while breathing air or oxygen. Cross comparisons in both directions were made (using t testing) as follows; the figures were compared before operation against 48 hours, 48 hours against one week, and before operation against one week, in the whole groups and the exclusion groups, while breathing air or oxygen, for both the treated and untreated groups. The results at each time interval in each group of the treated patients were then compared against the results in the corresponding groups of untreated patients.
The conclusions were as follows: (1) There were significant falls in Pao2 while breathing either air or oxygen at 48 hours from before operation, and significant rises again at one week after operation from the 48-hour values, but these values were still significantly lower than the preoperative values.
(2) There were no significant differences between the two groups-that is, treated compared with untreated at any time before or after operation. Table 3 shows the values for Paco2 obtained while breathing air or oxygen. Comparisons were made exactly as for table 1. The conclusions were that there were no significant differences when breathing air or oxygen in either group-that is, treated compared with untreated-at any time except when breathing oxygen before operation, when the group scheduled not to receive methyl prednisolone in the subgroup excluding shunts over 10 % had significantly lower Paco2 values than the group scheduled for treatment. It will be seen from looking at the actual figures (asterisked in table 3) that this is an unimportant change for two reasons: (1) the relatively small number of patients excluded from these subgroups (vide supra) and (2) there is no significant difference between the Paco2 values in the total group and the subgroups with the exclusions. Table 4 shows the alveolar-arterial Po2 differences in the patients breathing air or oxygen. Comparisons were made exactly as in the previous tables. As might be expected from the Pao2 results, there are significant rises in A -adO2 at 48 hours after operation when breathing air or oxygen. These changes are significant in all the groups both with and without methyl prednisolone. The A -adO2 decreases again at one week, but is only significantly different from the 48-hour values in the following respects: (1) in the whole group, without methyl prednisolone, breathing oxygen (not in the exclusion subgroup); (2) in the whole group only, with methyl prednisolone, We thank Miss A L Peckar for her secretarial help.
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